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, ” Hensel $[7, 8]$ 1
2’. , ” 3
, ( Hensel [7]
, ) 4’ .
1( )
INPUT : $x$ , $t$ , $f$ $t$ $tf$
OUTPUT : $tf$ 1 , 2
1. $narrow$ ($tf$ $x$ ), $d0arrow$ ($x^{n}$ $t$ order)
2. $sli\epsilon tarrow$ (((x: $t$ $order)-dO)/(n-i),$ $(i=0,$ $\cdots n-1)$ )
3. $\epsilon l\varphi earrow$ ($sli$ ( $x(-1)$ ))
4. , slope .
2( )
INPUT : $G[s],$ $G$ $tf$, $G[i]$ $w[i]$
$\{G[:], w[i]\}(i=-1,0, \cdots s-1)$ . $G[-1]=t,$ $G[0]=x,$ $w[-1]=1$ .
OUTPUT : $tf$ $G[s]$ 1 ,
2
1. $tf$ ntf .
$G[i]arrow(nt^{w[:]})*G[i]$ $(i=-1,0, \cdots, s-1)$
2. 1 , ntf $G[\epsilon]$ , $nt$ slope
.
3. 2 ,1 $(ntarrow 1)$ 1 , slope 2
.
3( )
INPUT : $x$ , $t$ , $f$ $t$ $tf$
OUTPUT :
1. $narrow$ ($tf$ $x$ ), $dOarrow$ ($x^{\mathfrak{n}}$ $t$ order)
2. sli\mbox{\boldmath $\theta$}t\leftarrow (((x: $t$ $order)-dO)/(n-i),$ $(i=0,\cdots n-1)$ )
3. $slq_{l}earrow$ ($sli$ ( $x(-1)$ ))
4( ( 3 ))
INPUT : $G[\epsilon],$ $G$ $tf$, $G[i]$ $w[i]$
$\{G[i],w[i]\}(i=-1,0, \cdots s-1)$ . $G[-1]=t,$ $G[0]=x,$ $w[-1]=1$ .
OUTPUT : $tf$ $G[s]$ 1 ,
2
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1. $tf$ ntf .
$G[i]arrow(nt^{w[:]})*G[i](i=-1,0, \cdots s-1)$
2. 3 , ntf $G[\epsilon]$ $nt$ (
) , $wsarrow w[s]$ .
S. $G[s]arrow(nt^{w})*G[s]$ , $\alphaarrow$ ($ntf$ $nt$ order), $ntfarrow ntf/t^{\alpha}$
4. $ntarrow 0$ 1 , $ws$ 2 .
5($G$ )
INPUT : $t$
$\{G[-1](=t), G[0](=x), \cdots, G[s]\}$ , $G[s]$
OUTPUT : $tf$ $G$ $\sum_{j=0}^{m}c_{j}G[-1]^{\epsilon \text{ },-1|}\cdots G[s-1]^{\epsilon b,.-1]}G[s]^{j}$
1. :
$baserowarrow$ ($G[s],$ $G[s-1],$ $\cdots,$ $G[1]$ )
($*X$ . $G[-1](=t),$ $G[0](=x)$ r)
$resultarrow 0$, $t*$ $*$ )
$remarrow tf$
2. $baser\alpha v$ 1 .
$remarrow(r\epsilon m+result)$ , $resultarrow 0$ ,
$pbarrow$ ($bser\alpha v$ 1 ), $marrow$ ($tf$ $pb$ ),
For $[k=0,$ $k<m,$ $k++$,
$resultarrow$ ($result+pb^{(m-k)_{*}}(rem$ pb(m-k) )),
$remarrow$ ($rem$ $pb^{(m-k)}$ ),
$baser\sigma w$ 1 ]
3. $re\epsilon dtarrow(r\epsilon\epsilon ult+rem)$ ( $*$ $*$ )
4. result .
6( )
INPUT : $f$, $x$ ( $*$ $*$ )
OUTPUT : $f$ ($*$ Lifting $*$ )
1. $tfarrow$ ($f$ $t$ )
2. 1 , $tf$ $x$ , $t$ , .
new\mbox{\boldmath $\rho$}ly\leftarrow ( ), tmp\leftarrow ( )
($*tmp$ 3 $*$ )
3. : $basearrow\{t,x\}$ ;
: $weight\epsilonarrow\{\{t, 1\}, \{x, tmp\}\}$ ($*$ $*$ )
4. newpoly . ,
6. . , 7 7
. , base .
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5. gadiq $olyarrow$ ( 5 , $tf$ base $G$ ),
$sarrow$ (base $-2$) ( $*$ $t$ $x$ $*$ )
4 $gadi\varphi oly$ $G[s]$ weights , .
newPoly\leftarrow ( ), tmp\leftarrow ( ),
wei9hts tmp $G[s]$ , newpoly , 4
6. $G$ , $x$ base ,
$tarrow 1$ .
7 (pseudoinitialform )
INPUT : $tf$ $G[\epsilon]$ , $\epsilon l\varphi$ ,
se $=\{G[-1], G[0], \cdots G[s]\}$ , $G[-1]=t,$ $G[0]=x,w[-1]=1$ ,
weights $=\{\{G[-1], w[-1]\}, \{G[0], w[0]\}, \cdots\{G[s],w[\epsilon]\}\}$ .
OUTPUT : $tf$ weight pseudyinitialform
( , , $p\epsilon eudoinitialform$
mmomia , , $G[s]^{d}$ \Delta )
1. ($G[\epsilon]$ $x$ )*w[s] $=N/d$ ($d$ $N$ ) $d$ $N$
2. $d*w[s]=h[-1]*w[-1]+h[0]*w[0]+\cdots+h[s-1]*w[s-1]$ ,
$h[-1]>0,0\leq h[i]<d[i+1]$ ($=(G[i+1]$ $x$ )/(G\mbox{\boldmath $\nu$}] $x$ )), $(0\leq i\leq s-1)$
$h[-1],$ $\cdots h[s-1]$
3. $\Deltaarrow G[-1]^{h[-1]}*G[0]^{h[0]}*\cdots*G[s-1]^{h[\iota-1|}$
4. $G[\epsilon]^{d}$ \Delta $pseud\dot{\alpha}nitialform$ .
, Lifting .
3 Mathematica
$\bullet$ $x$ $f$ ( 1 ) , ( 2
) newtonPolynomial ( 1, 2)
newtonPolynomial [tf-, $x_{-},$ $t_{-}$] : . Module [{ $n$ , dlist, slope},
( $*tf$ $f$ $t$ . $n$ $x$ $*$ )
$n\cdot$ Exponent [tf, $x$]:
( $*x$ , $t$ order dllgt $*$ )
dlist . $Rev\cdot rse$ [MaP [${\rm Min}$ [Exponent [$, $t$ , Llst]] $l,$ CoefficientList [tt, xlll;
($*t$ $*$ )
dlist . MaP [tt [NumberQ [$], $ –First [dlistl, Infinityl 1, Rest [dlistl];
dlist. Maplndexed [($l/First [$2]) $l$ . dlist];
slope . Min [dlistl;
( $*$ $x^{-}i(i\cdot 0, ,n-1)$ order
slope , $*$ )
dlist . Flatten [Posit ion [dlist , Min [dllgt]]];
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( $*$ $x$ $*$ )
dlist . Prepend [$n+1$ –dlist, $n+1$]:
( $*x$ $t$ , $*$ )
Return [{$PlusQQMaP[1f$ [FreeQ [$. tl, $\#$ .
Coefficient [$. $t^{-}Exponent$ [$. t. $M\ln]$ ] $*t^{-}Bxponent$ $[\. t, {\rm Min}]]$ $l$ .
DeleteCases [(CoefficientList [tf, $x]cTabl\cdot[x^{-}i,$ $\{i,$ $0,$ $n\}]$ ) $[[dlist]]$ . $0$]],
slop$\cdot$ }]]
newtonPolynomial $[tf_{-}, G\cdot-, w\cdot 1ghts_{-}Llst]$ : . Module [{$ntt$ , nt},
( $*$ 1 $nt$ r)
ntf . tf /. MapThread [Rule [$1, $nt^{-}(l2)* 1]l$ , Transpose [weights]] ;
Return[newtonpolynomial [ntf, Gs, nt] /. nt $-\rangle 1$ ]]
$\bullet$ $newt_{on8}1ope$ ( 3),
, $x$ $f$ ( 1 ),
( 2 ) newtonpolynomialhorizontal ( 4)
newtonslope [$tf_{-},$ $x_{-}$ , t-l : . Module [{$n$ , dlist, sloP$\bullet$},
( $*tf$ $f$ $t$ , $n$ $x$ $*$ )
$n$ . Exponent [tf, $x$]:
( $*X$ , $t$ order dllst $*$ )
dlist ’ Reverse [Map $[{\rm Min}[\infty onent$ [$, $t$ . List]] $l$ , CoefficientList [tf, $x]]$ ]:
( $*t$ $*$ )
dlist . Map [If [NumberQ [$]. $ –First [dlistl, lnfinityl &* Rest [dlistll;
dlist . Maplndexed [($l/First [$2]) &, dlistl;
slope . Min [dlist]; Return [slope];]
newtonPolynomialhorlzontal [tf-, Gs-, $weights_{-}List$ ] $:\approx$ MOdule [{$ntf$ , nt, ws, a $,$ $ws$},
( $*$ nt $*$ )
ntf . tf /. MapThread [Rule [$1, $nt^{-}$ ($2)*$1] $l.$ Transposo [weights]];
we . newtonslope [nt$f$ , Gs, ntl;
a . ntf /. {Gs $->$ Gs $*(nt^{-}\{ws\})$ };
Return [$\{Cancel$ [( $a/nt^{-}Bxponent[a$ , nt, ${\rm Min}]$ ) $]/$ . nt $->0,$ $w\epsilon\}$ ] $1$ :
$\bullet$ $f$ $se:=\{t, x, G[1], \cdots G[s]\}$ $G$ gadicPolynomial ( 5)
gadicpolynomial [$tf_{-}$ , base-List. $G_{-}$] : . Module [{$baserov$ , rem, result, pb, a $,$ $x$},
( $*G[1]$ , , $G$ 8] $x$ $t$ $*$ )
$x$ ba$lI [ $[2$ $]$ :
baserow . Reverse [Drop $[bas\cdot$ . $2]$ ]
//. MapThread [Rule, {$Tab1e[G[i-2],$ $\{i,$ $1$ , Length [basel}], base}];
( $*tf$ $*$ )
result . $0$ ;
$rem$ . tf;
153
$(*)$ result. $rem$ $*$ )
While [Length [baserowl $>0$ . $rem+\cdot$ result; result . $0$ ;
( $*$ $x$ pb $*$ )
$pb$ . First [baserow];
($*pb$ $m$ r)
$m\sim$ Exponent [tf, $x$] $/BxPonent$ $[$pb, $x]_{j}$
For $[k\cdot 0$ . $k<m,$ $k++$ ,
result $+\cdot G$ [Length [baserowll $-$ (m-k)*PolynomialQuotient [rem, $pb^{-}(m^{\wedge}k)$ . $x$];
rem . PolynomialRomainder $[$rem, pb“ (m-k), $x]_{i}$ ]:
.baserow . Rest [baserow];1;
result . result $+rem$ ; Return [resultl;]
$\bullet$ pseudoinitial form pseudoinitialform ( 7)
$G[s]^{d}$ monomial $\Delta(=G[-1]^{h[-1]}\cdots G[s-1]^{h[\cdot-1]})$ pseudoinitial form
. $h[-1],$ $\cdots h[s-1]$ .
$<<$ Algebra ‘lnequalitySolve
( $*$ r)
pseudoinitialform [$tf_{-}$ , flopo-, base-, weights-] : . Module $[\{dd, d, s. w, h\}$ ,
$s$ . Length [base] $-2j$
( $*$ 8 $*$ )
Tabl $\cdot$ [$w[1-2]$ . weights $[[i,$ $2]],$ $\{i,$ $1,$ $s+2\}$]:
( $*$ 1 $*$ )
$dd$ . Denouinator [Cancel [Exponont [Last [base], $x]*w[s]]$ ]:
($*(G[s]$ $x$ )*w [sl . $N/d$ $d$ $*$ )
Table [$d[1+1]$ . Exponent [base $[[i+3]]$ . $x$] $/Exponent$ [$bas\cdot[[i+2]]$ , xl , {1,0, $s-l\}$];
($*d[i+l]\sim(G[1+1]$ $x$ )/(G $[i]$ $x$ ) $*$ )
$R\cdot duc\bullet[In\cdot qualltySolve$ [Flatten $[\{h[-1]>0$ ,
Flatten [$\{Table[0<\cdot h$ [il, $\{1,0.\iota-1\}]$ . Table $[h[1]<d[i+1]$ . $\{i,0,s-l\}]\}]\}$],
Table $[h[i], \{i, -1, s-1\}]]$ ak $dd*w[s]$ .. Sum $[h[i]rw[i]. \{1. -1, s-l\}]$ ,
Table $[h[i]. \{i, -1. s-1\}]$ , Integers]]
. $f$ , Weight,
multivariateexpansionbase ( 6)
multivariateexPansionbafe $[f_{-}. x_{-}]$ : . Modulo [{$newpoly$ . eubvariables, $t$ . $tf$ , result,
weights, G. base, gadicpoly, tmp}.
subvariables DeleteCases [Variables $[f]$ , Xl; ( $*$ s)
tf . $f/$ . Map [Rule [$, t*$] &. $subvarlabl\bullet s$]: ( $*$ $t$ $*$ )
{newPoly, tmp} . newtonpolynomial $[tf, x, t]$ :
( $r$ neWPoly. tmp $*$ )
weights . { $\{t,$ $1\}$ , $\{x$ . tmp}};
( $*$ $w$ ight . $*$ )
base $\approx\{t, x\}$ ; ( $*$ $*$ )
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result . FaCtorList [newpolyl;
( $*$ , newpoly ,
s)
While [result $[[2,2]]>$ $2$ .
If [Length [resultl $=-2$ , APPendTo [base, result $[[2,1]]$ ], Return [Factor [newpoly]//.
MapThread [Rule, {Table $[G[1-2],$ $\{1.1$ . Length [base]}], base}l /. $t-$ $1$ ]]:
gadlcPoly. [tf, base, $G$] ;
$s$ . Longth [base] $-2$ :
{newpoly, $tmp$}. newtonpolynomial [gadicPoly, $G$ [sl , weights];
APpendTo [weights, $\{G[s]. tmP\}1$ ;
($*tf$ $G$ . ,
( ) $*$ )
result . FactorList [nevpoly] ;];
( $*$ $n\cdot wpoly$ . bame r)
result . result //. MapThread [Rule, {Table $[G[1-2],$ $\{1,1$ , Length [bas$\bullet$]}], base}];
result . result /. $t-\rangle$ $1$ ;
reSult . Timos ee Map [(Power ee $) $l$ . resultl; Return [result];l
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